To our knowledge most living cells in higher plants contain plastids. In nongreen tissues such as primary roots, the plastids have been identified by the rather ambiguous name "proplastids." These proplastids are generally described as rather simple organelles, bounded by a double envelope and containing only a few internal membranes with a limited number of invaginations of the inner membrane of the plastid envelope (4). Ribosomes also apparently occur in proplastids (6) and depending on where the proplastids occur in the root the organelles may contain starch grains (3, 6). Proplastids in some roots are somewhat more complex in that they store protein and tubular complexes of membranes occur (6). However, the prefix "pro" might imply that proplastids have limited functional significances in the growth, development, and metabolism of root cells and are primarily latent progenitors of other types of plastid of more functional significance in the plant. There is almost no direct information on the biochemical properties and functional roles of proplastids in tissues such as roots. The present paper reports a method for the isolation of proplastids from roots of Vicia faba. Electron microscopical examination of the isolated fraction revealed that it contained numerous proplastids in an excellent state of preservation, substantially freed from cellular contamination, and thus would provide good starting material for the investigation of the properties of proplastids.
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MATERIALS AND METHODS
Seeds of Vicia faba (var. Dwarf White Fan) were surfacesterilized in dilute sodium hypochlorite, washed thoroughly several times, and left overnight in running tap water. The seeds were sandwiched between double layers of dampened paper tissues and placed in plastic trays lined with filter paper. The seeds were germinated in the dark at 22 C for 3 to 4 days until the roots were 2 to 3 cm long. The cut roots were washed in chilled water, blotted, and weighed. The method used for proplastid isolation followed one previously devised by Leese et al. (11) for the isolation of proplastids from leaves.
All subsequent manipulations were carried out at the temperature of melting ice. The washed roots were ground in a mortar and pestle using 4 ml of grinding medium per g root tissue. The grinding medium was 0.5 M sucrose buffered in 20 mM tris, pH 8.0, containing 1 mM MgCI2 and 0.2% bovine serum albumin. After grinding, the brei was filtered through eight layers of cotton organdie and eight layers of nylon bolting silk (25 ,. pore size). The filtrate was centrifuged at 3000g 'This work was supported in part by Grant GB-8199 from the National Science Foundation to W.W.T. for 90 sec, the rotor being carefully brought to rest using a cotton wool pad held in the hand. The pellet (P1) was resuspended in about 1 ml of grinding medium in which the molarity of sucrose was increased to 0.6 M. The suspension was layered onto 25 ml of the same 0.6 M buffered sucrose and recentrifuged at 440g for 15 min. The pellet (P2) contained purified proplastids.
For electron microscopy the pelleted proplastids P1 and P. were fixed at room temperature in 2.5% glutaraldehyde (in potassium phosphate buffer, 0.1 M, pH 7.0) for 30 min and postfixed in 1 % 0s04 in the same buffer for 30 min. The material was dehydrated in an acetone series and embedded in Spurr's epoxy mixture (7) . Sections were cut on an LKB ultramicrotome. picked up on uncoated copper grids, stained in uranyl acetate followed by lead citrate (8) , and viewed with an AEI EM6B electron microscope at 60 KV.
RESULTS
Under the light microscope, pellets P1 and P2 were seen to contain a variety of more or less spherical organelles, some with large starch grains inside them. Several of these proplastids showed amoeboid movement. Electron microscopic examination of material from the first centrifugation (P1) revealed the presence of large numbers of intact proplastids (Fig.  1 pp) and considerable quantities of other cell components. The proplastids were easily identified by the presence of starch grains (Figs. 1, 2, g ) and plastoglobuli in the stroma (Fig. 1.  pl) . Large dilated regions bounded by a membrane were frequently observed in the proplastids (Fig. 1, e) , possibly suggestive that the proplastids may be somewhat compartmentalized. Fingerlike protuberances were also observed extending from the proplastids (Fig. 1, arrow) .
Two aspects of the other cell components present in this pellet were particularly noteworthy. Firstly, considerable numbers of cytoplasmic bodies, approximately spherical in shape, were present (Fig. 1, b) . These bodies were bounded by a membrane and contained a range of cytoplasmic components including mitochondria (Fig. 1, m) , rough endoplasmic reticulum ( Fig. 1. r) , and ribosome-like particles. These bodies varied in size but were approximately the size of the proplastids. Frequently, the bodies were closely associated with proplastids (Fig. 1) . The second aspect was the presence of an encapsulated sheath of cytoplasm around many of the proplastids (Fig. 2, arrows) . This sheath was bounded by a membrane and within the sheath between the outer bounding membrane and the envelope of the proplastids, many ribosome-like particles and often elements of rough endoplasmic reticulum occurred (Fig. 2, r) .
The pelleted material (P2) from the second centrifugation through 0.6 M buffered sucrose was considerably enriched in proplastids and most of the cytoplasmic material had been re-270 (Fig. 3) . The only observed contaminations were free starch grains, very few disrupted mitochondria (Fig. 3, m) and a few scattered unidentifiable membranes. The presence of a cytoplasmic sheath around proplastids was a rare observation. The proplastids were again easily recognized by the presence of starch grains (Fig. 3, g ) and plastoglobuli (Fig. 3, pi) . The proplastids were intact although large dilations of membranebound enclaves within the proplastids frequently occurred (Fig. 3, e) . The double envelope was clearly distinguishable around the proplastids although occasionally a large balloonlike expansion was seen from it (Fig. 3, arrow) .
DISCUSSION
The method described above yields a preparation of proplastids (in pellet P,) which are substantially intact and merit further investigations.
The isolation in the root homogenate of large membrane bound bodies containing mitochondria, membranes, endoplasmic reticulum, and ribosomes is intriguing. These may constitue artifacts produced by the aggregation of cytoplasmic constituents during the isolation procedure or they may possibly represent discrete units isolated from the root cytoplasm. The ensheathing cytoplasmic layers round some of the proplastids may also have assembled during isolation or possibly be viewed in terms of an integral cytoplasmic unit. However, the association of the elements of endoplasmic reticulum may not be entirely fortuitous since Marinos (5) has described the association and encirclement of the proplastids by elements of the endoplasmic reticulum in the meristematic cells of potato tuber buds. As Marinos has noted the association of the endoplasmic reticulum with plastids has also been reported from a variety of other plant tissues (1, 2, 9, 10). Characterization of both the cytoplasmic and proplastid complexes would be of considerable interest.
